Abstract -Polyvinylchloride (PVC) based membranes are prepared via a phase inversion method using N,Ndimethylacetamide (DMAc) as solvent and water as precipitation bath. Polyvinylpyrrolidone (PVP) and lithium nitrate (LiNO 3 ) are used as additives. Experimental cloud point data and solution viscosity measurements are evaluated. Precipitation rates, transport properties and membrane morphology are quantified. Membranes with different morphologies and transport properties are prepared by changing the additive and its concentration, changing the PVC concentration and by varying the exposure time to the environment before immersion. An augment in PVC concentration increases solution viscosity, reduces precipitation rate and water permeability (J w ), but it does not affect the instantaneous precipitation mechanism. PVC solutions with additives present higher viscosity values, slower light transmittance decay and membranes with higher J w (highest: ~1,350 L.h 
INTRODUCTION
The non-solvent induced phase separation process (NIPS), better known as immersion precipitation technique, was first reported by Loeb and Sourirajan in the early 60s to obtain high flux reverse osmosis membranes. Since then several studies were developed to improve this technique. In this process, a polymer solution is induced to separate into two liquid phases, one polymer rich and another polymer poor, by changing its composition, temperature or by chemical reactions. The polymer concentration increases in the solution due to mass transfer of solvent to the precipitation bath. Nucleation of a polymer lean phase takes place in the polymer solution, accelerating the increase in the polymer concentration in the surrounding solution until its glass transition temperature is reached. Therefore, the membrane morphology will be defined by the competition between the liquid-liquid phase separation process and the viscous effects promoted by the increase of polymer concentration in the rich phase. Thus, the mass transfer rate between phases and non-solvent bath is the most effective way to control the membrane morphology (Baker, 2004; Mulder, 1991; Carvalho, 2005; Guillen, 2011) .
Polymeric membranes can be used in several separation processes such as, microfiltration (MF), ultrafiltration (UF), nanofiltration (NF), and the advantages over traditional separation techniques are well known in the academic literature. Most of the membrane processes are pressure driven and can be distinguished by the size of particle that will be retained by the membrane. This characteristic is related with the pore-size of the membrane (membrane morphology), which is an intrinsic result of membrane synthesis (Baker, 2004; Guillen, 2011; Porter, 1990) .
Membranes with a variety of pore-sizes can be produced by NIPS varying the polymer and its concentration, the type and concentration of additive, the precipitation medium and temperature. Most industrial membranes are produced by the NIPS technique, using water as non-solvent in a precipitation bath (Mei, 2011) .
Several studies have been dedicated to understand the relation between membrane morphology and precipitation conditions of the polymer solution (Fen'ko et al., 2011; Frommer and Messalem, 1973; Machado et al., 1999; Mckelvey and Koros, 1996; Wijmans et al., 1985 , Maghsoud et al., 2014 .
However, the correlation between the morphology of the membranes and their transport properties is still a persistent question and few studies are intent to fill this gap. The direct influence of the membrane morphology on the transport properties is difficult to predict since the presence and size of pores in the membrane matrix is not a guarantee of high fluxes or better solute rejections.
A variety of soluble polymers can be employed to synthesize membranes by NIPS. Polyvinylchloride (PVC) is an outstanding material due to its well known stiffness, chemical and mechanical resistance and low cost. Furthermore, PVC has good affinity with several solvents used in the NIPS technique, such as N-methylpyrrolidone (NMP), N,N-dimethylformamide (DMF) and N,N-dimethylacetamide (DMAc) (Mei et al., 2011; . Bodzek and Konieczny, 1991; Okuno et al., 1993) . Hirose et al. (1979 and prepared flat sheet PVC membranes using DMF as solvent and methanol as precipitation bath. The morphology of the PVC membranes was explained through solution cloud point measurements.
Bodzek and Konieczny (1991) studied PVC membrane formation by NIPS using water as precipitation bath. The authors varied the molar mass and concentrations of PVC. They found that the molar mass affected the initial solution viscosity, but did not influence the binodal curve location. However, smaller PVC molar mass led to a faster precipitation and more porous membranes. On the other hand, higher PVC concentrations also accelerated the precipitation, but led to less porous membranes. The influences of PVC concentration on membrane morphology were also explained in literature (Mulder, 1991; Okuno et al., 1993; Babu and Gaikar, 1999; Guillen, 2011) . Okuno et al. (1993) synthesized PVC membranes using a mixture of tetrahydrofuran (THF) and alcohols as solvent, obtaining different solution viscosities. As the solution viscosity decreased more porous membranes were formed. These authors obtained similar results by reducing the PVC molar mass. Hence, it was concluded that the morphology of PVC membranes is more dependent on kinetic than on thermodynamic effects.
Kawai and Lee (1997) investigated the influence on membrane formation of different solvents in the casting solution. The phase diagrams of the systems were obtained by determining the equilibrium phase composition. Besides, the influence of moisture and temperature were also evaluated. They showed that reducing the outflow of THF, the polymer lean phase nuclei grow along the membrane cross section. Similar results were observed with PVC/DMF solution. When phase separation occurs by immersion in a water bath, a thin layer is formed instantaneously at the top surface of the solution, diminishing the outflow of DMF and allowing pore growth through the membrane cross section. Babu and Gaikar (1999) studied the morphology and transport properties of PVC and CPVC membranes and their blends. They used DMF as solvent and varied the polymer concentration between 10 and 12 wt%, precipitating the membranes in a water/alcohol bath. They found that an exposure time to the environment between 10-15 seconds before immersion in the precipitation bath changes the morphology and therefore the transport properties. The membranes exhibited water permeation flux in the range of 100 to 950 L m -2 h -1 with bovine serum albumin (BSA) rejections varying from 85 to 99%. In another article Babu and Gaikar (2000) reported that polyvinylpyrrolidone (PVP -Molecular Weight 68,000 Da) as additive in the polymer solution, improved the hydrophilicity of PVC membranes. Higher PVP concentration in the polymer solution led to a reduction in BSA rejection, but to an increase in the permeate flux. The authors mentioned that the main limitation of PVC membranes lies in its hydrophobic character, which could be contoured by the use of additives with suitable properties to improve the membrane hydrophilicity.
To improve the membrane hydrophilicity Peng et al. (2006) investigated blends of polyvinylbutyral (PVB) and PVC and found that a PVC/PVB ratio of 9:1 improved both water flux and protein rejection (~ 99%), although an increase in PVB concentration resulted in lower water flux. Mei et al. (2011) studied the influence of different additives (PVP, polyethylene glycol -PEG or sucrose) on the polymer solution viscosity, phase diagrams and membrane morphology. For all additives, they observed an increase in the solution viscosity, which could lead to flux reduction during mass transfer of solvent and non-solvent in the precipitation bath. Furthermore, a higher additive concentration led to phase separation in the polymer solution. The authors emphasized that kinetics and thermodynamics play an important role in membrane morphology and should be deeply analyzed in each case. Maghsoud et al. (2014) prepared PVC membranes with a mixture of solvents (DMF and tetrahydrofuran -THF) to better understand the influence of thermodynamics and kinetics in membrane morphology and transport properties. After immersion in a water precipitation bath, the authors observed delayed and instantaneous demixing of PVC/THF/ water and PVC/DMF/water systems, respectively. Addition of THF to PVC/DMF/water solutions decreased the precipitation time, but the cloud point curve indicated that more water was admitted into the solution before precipitation. The authors presented a model to predict the cloud point composition and precipitation times as a function of DMF/THF ratio in the solution. The model showed good agreement for cloud point and precipitation time, but was far from predicting membrane morphology and transport properties. According to the authors, changes in membrane performance and morphology cannot be explained just taking into account the thermodynamic properties of the polymer solution. Machado et al. (1999) showed that the membrane formation mechanisms depend on the precipitation kinetics. Preparing polysulfone/PVP membrane, the authors reported an oscillatory behavior in macrovoid formation as a function of the precipitation rate. The authors concluded that phase separation kinetics should be taken into account to understand the membrane formation mechanism. Reuvers (1987) presented a comparison between light transmittance and polymer concentration. The author showed that it is possible to control the membrane morphology by varying polymer concentration and several other process parameters and to estimate its behavior by light transmittance experiments. However, none of the new articles uses these experiments as a factor of verification.
Despite all studies, some questions remain, such as the correlation between the precipitation rate and membrane morphology, or transport properties, and a more thorough study has not yet been presented. In this study, PVC membranes were prepared by phase inversion through the immersion precipitation method, measuring precipitation rate, exposure time before immersion, miscibility region in the phase diagram and solution viscosity and relating with membrane morphology and transport properties. DMAc was used as solvent and water as non-solvent. PVP and LiNO 3 were also evaluated as additives in the polymer solution. Membranes with different morphologies and transport properties could be prepared by choosing the additive and its concentration, changing PVC concentration and exposure time to the environment before immersion. An attempt to correlate the membrane synthesis conditions with the final transport properties was accomplished.
EXPERIMENTAL

Materials
Polyvinyl chloride (PVC) was obtained from Braskem S.A. with molar mass of 60 kDa, dried at 60 °C for at least 24 hours. Polyvinylpyrrolidone, (PVP -K90), lithium nitrate (LiNO 3 ) and N,Ndimethylacetamide (DMAc, 99.95% purity) were acquired from Sigma-Aldrich and used as additives and solvent, respectively, without further purification. Bovine serum albumin (BSA) with 66 kDa of molar mass (Sigma-Aldrich) was used for the characterization of membrane rejection.
Phase diagrams
The cloud point was estimated by the rapid titration method described in Wijmans et al. (1985) . PVC solutions with 11, 14, 17 and 20 wt% were prepared using DMAc as solvent. The solution was placed into a sealed flask with magnetic stirrer at 30 °C. Small amounts of distilled water were slowly added to the solution by using a 1 mL syringe, and the solution was stirred for at least 1 hour. The addition of water was continued until the solution visually became cloudy and, then, the final composition was calculated. The additive (PVP or LiNO 3 ) concentration was also varied keeping PVC concentration at 11 wt%.
Membrane Preparation
The membranes were prepared by the NIPS method as described before (Mei et al., 2011) . PVC at 11, 14, 17 and 20 wt% was dissolved in DMAc at 80 °C. The polymer solutions were cast on a glass plate using a stainless steel blade and immersed into a microfiltrated water precipitation bath at room temperature (ca. 25 o C). The solution was instantaneously immersed into the precipitation bath or exposed to the lab environment for 30 s, 60 s or until complete precipitation by moisture (60 %r.h.) absorption (infinite time). The membranes were removed from the glass plate and kept overnight in a water bath to remove residual solvent. Hereafter, the membranes were kept at least 24 hours in a 40 wt% glycerol bath to avoid porous collapse and dried at room temperature.
Viscosity measurement
The viscosity of the solutions was measured with a Brookfield Digital Viscometer LV series at various temperatures, polymers and additive compositions. The measurements were taken in the pseudoNewtonian range.
Membrane morphology characterization
Membrane morphologies were observed with a scanning electron microscope (FEI Co. Quanta 200), after covering the surface with sputtered gold (Jeol mod. 1500). The membrane samples were broken after cooling in liquid nitrogen to minimize deformation during fracture.
Precipitation behavior
Light transmittance measurements were carried out to obtain the onset of phase separation in the NIPS process, as well as the precipitation behavior based on transmittance reduction with time, as described in Fen'ko et al. (2011) . The experiments were carried out using an infrared light beam collimated into the casting film. A sensor placed under the glass plate during the precipitation could continuously detect light variation. The detector signals were acquired by a computer and stored for further analysis.
Transport Properties
PVC membranes were evaluated according to their transport properties by UF experiments in a flat sheet module with an effective area of 18.1 cm 2 . Distilled and microfiltrated water was fed at constant pressure (1 bar) and room temperature. The permeability (J w , L h -1 m -2 bar -1 ) was obtained as follows:
water content at the cloud point for the ternary system and with the addition of PVP or LiNO 3 . It is observed that the miscibility region of the PVC solution is limited; even at low PVC concentrations the maximum water in the solution is slightly higher than 5wt%. According to Reuvers (1987) , this behavior favors an instantaneous precipitation mechanism in the polymer solution top layers, and macrovoid formation in regions beneath. Addition of LiNO 3 to the PVC solution, as reported in Table 1 , shifts the cloud point to the polymer-solvent axis, which was also observed with high concentrations of PVP. It is expected that the precipitation of the polymer solution becomes faster in this condition when compared with the solution without additive.
Membrane formation: ternary system
In the PVC/DMAc/Water system, the solvent and non-solvent exchange during solution precipitation plays an important role in the morphology and transport properties (permeability and rejection) of the membrane. The polymer concentration and water influx have strong influence on the membrane pore size, particularly in the instantaneous precipitation mechanism. Besides the thermodynamic properties of
where Q w is the volumetric permeate flow rate (L/h); ∆P is the pressure difference through the membrane (bar); A is the membrane surface area (m 2 ). The initial J BSA was employed when BSA solution was used as feed in UF experiments and calculated in the same manner exhibited in Equation 1.
The membrane separation property was evaluated by measuring the rejection of bovine serum albumin (BSA) with 66kDa of molar mass (Eq. 2). The permeation was performed with a solution containing 0.05 wt% of BSA.
where R is the BSA rejection (%), C p and C f are the BSA concentration in the permeate and feed solution, respectively. The solute concentration was measured by a UV-spectrophotometer (UV-Vis Analyst, UV1803) based on the absorbance of the solute at 278 nm wavelength.
RESULTS AND DISCUSSION
Phase Diagram
The behavior of the phase inversion process during immersion of the cast polymer solution in the precipitation bath can be related to cloud point measurements, since it is representative of the binodal curve in the phase diagram. This curve is dependent on thermodynamic properties of the three-component system and provides insight for the precipitation mechanisms. Figure 1 shows the phase diagram for the PVC/DMAc/Water system, and Table 1 ( 1) (2) the system, the path and the velocity of the precipitation would also contribute to define the final membrane characteristics. Figure 2 shows the cross section morphologies of membranes prepared from polymer solutions with 11, 14, 17 and 20 wt% of PVC and precipitated in a water bath. Figure 3 presents the micrograph of the upper surface of the membranes prepared from solutions with 11 and 20 wt% of PVC. The densification of this region at higher PVC concentration is clearly observed. This densification is promoted when the solution approaches the region where the viscous effect predominates.
Mei and co-workers (2011) suggested that polymer solution viscosity is a key parameter in membrane formation, affecting the morphology and transport properties. In general, they showed that higher viscosity solutions prevent macrovoid formation and vice versa. Figure 4 shows viscosity measurements for the polymer solutions studied as a function of temperature. Hence, the sponge-like morphology predominant in membranes synthesized with 20 wt% of PVC (Figure 2 ) may be also a consequence of higher viscosity hindering nuclei expansion. However, one should consider that the solution viscosity along the solution depth changes as a function of the mass transfer with the non-solvent bath and the precipitation path.
Actually, it seems that in membrane formation by the phase inversion process the final morphology results from compound affinity, explained by thermodynamics, and competition between mass transfer and precipitation rate. Understanding the role and predominance of each mechanism should allow predicting the resultant membrane morphology.
An effort to elucidate the influence of mass transfer on membrane morphology was made in this study, measuring the precipitation rate by light transmittance experiments, as described above. Figure 5 shows the light transmission intensity decay of PVC/DMAc solutions as a function of the immersion time in a water precipitation bath. As can be seen, all curves decreased very rapidly, without any delay time, just after immersion in the precipitation bath, which points to an instantaneous precipitation mechanism. After one second (1s), the light transmittance intensity tends to decay smoothly, reaching a plateau at 20 -50% of the initial light transmittance intensity. A linear fit of these data indicates a rise in angular coefficient as the polymer concentration increases in the solution, denoting a lower precipitation rate. These data are compiled in Table 2 together with the transport and separation properties. Solutions with lower polymer concentration present smaller angular coefficients, i.e., higher precipitation rate, which favors macrovoid formation and, thereafter, high values of water permeability. Conversely, a decrease in water permeability for the polymer solution with higher PVC concentration indicates reduction in the membrane pore interconnectivity. The BSA rejection for 11 and 14 wt% PVC membranes was approximately similar, close to 80%. A huge reduction in the permeability was observed for BSA solution indicating high interaction of the protein with the PVC membrane surface.
These results are the first impressions of the membrane morphology behavior associating angular coefficients with precipitation rate. Fen'ko and coworkers (2010) observed the same behavior for PVDFDMAc systems. They showed an increasing in angular coefficient of linear fittings as the PVDF concentration increased in the polymeric solution, estimated for the first 10 seconds after immersion. They also presented similar results adding PEG to the PVDF-DMAc solution.
Membrane formation: effect of additives
The presence of additives in the polymer solution changes phase separation behavior, as shown in Table 1 , as well as may change the precipitation path modifying the membrane morphology. In this study, PVP and LiNO 3 were evaluated as additives in a solution with 11 wt% of PVC, by measuring the light transmittance decay after immersion in the water precipitation bath and observing the final membrane morphology and transport properties.
Figures 6 and 7 show the photomicrographs of membrane cross-sections obtained from PVC solutions with different concentrations of PVP and LiNO 3 , respectively. The addition of PVP into the PVC solution changes the size and direction of macrovoids, as seen in Figure 6 (a) and 6(b).
Adding 10 wt% of PVP into the solution causes a reduction in macrovoid formation, particularly near the bath interface, favoring sponge-like morphology (Figure 6(c) ). These results were expected analyzing the cloud point data in Table 1 , which shows reduction in the miscibility region of the system. Boom et al. (1992) reported that, after immersion in the precipitation bath, a high molar mass polymer additive does not have enough mobility in the initial stages of the precipitation hindering the nucleation mechanism. In other words, high solvent and nonsolvent affinities lead the system to precipitate directly into the spinodal region in the phase diagram, avoiding the metastable region in which the nucleation takes place. High pore interconnectivity is expected from phase separation by spinodal demixing. When lithium nitrate was used as additive in the PVC solution a different effect was observed in the membrane morphology. At low LiNO 3 concentration the enlargement of macrovoids is shown in Figure 7 (a), but a slight increase in its concentration (3 to 5 wt%) leads to more organized and vertical oriented macrovoids (Figures 7(b) and 7(c) ). It might be the consequence of higher polymer concentration at the precipitation onset and reduction in miscibility of the system.
The presence of additive in the polymer solution also changes the viscosity, as observed in Figure 8 . As previously discussed, high solution viscosity values slow down the initial mass transfer exchange between the polymer solution and the precipitation bath, leading to lower polymer concentration at the precipitation onset. It is expected that this condition reduces the mass transfer resistance between the precipitation bath and underneath layer in the PVC solution, favoring spongelike morphologies and reduction in macrovoid formation.
The light transmission decay of PVC solutions with different additives is presented in Figure 9 and the initial precipitation rates are shown in Table 3 . This table also presents the membrane transport properties.
As seen in Figure 9 , as the additive concentration in the solution increases, the precipitation rate decreases, indicating a delay in mass exchange between solvent and non-solvent. However, a different solution precipitation behavior is clearly observed for each additive. PVP reduces the light transmittance, but the precipitation of the solution starts immediately after immersion into the water bath, while a delay time is observed for solutions with LiNO 3 . It could mean that the main effect of PVP is related to higher viscosity and low chain mobility, reducing mass transfer rate and favoring spinodal demixing.
On the other hand, for LiNO 3 a delay in precipitation would allow an increase in polymer concentration at the solution top layer before the precipitation onset, which creates an extra resistance for mass transfer between the water bath and the solution below, favoring macrovoid formation. The delay promoted by LiNO 3 as additive could be related with some possible gelation of the top layer due to a formation of a complex between the salt and DMAc. However, more experiments should be performed to try to separate in ternary diagrams the composition that leads the solution to the gel phase or liquid phase.
The initial precipitation rates for both additives and for the solution without additive are shown in Table 3 , Figure 7 . Cross section morphology of the membranes synthesized from 11 wt% PVC/DMAc system adding (a) 3 wt%, (b) 5 wt% and (c) 7 wt% of LiNO3 and instantaneously immersed in a precipitation bath immediately after casting. which shows an accentuated reduction of this parameter when the additive concentration increases. This effect was more severe for LiNO 3 , probably due to the increase in the polymer concentration at the solution top layer during the delay time for the precipitation onset. An augment was observed in the permeability of water and BSA solution when additives were used in the polymer solution. However, the difference in precipitation mechanism of each additive leads to a distinct behavior with concentration in the polymer solution. Whereas PVP promotes an initial increase in water permeability followed by a continuous reduction of it, the presence of higher amounts of LiNO 3 leads to a continuous increase in water permeability. Hence, it is also possible to conclude that these results corroborate the previous discussion about membrane morphology.
Some authors report similar results for different systems, attributing changes in membrane morphology to the reduction in system miscibility, solution viscosity and precipitation rate (Mei et al., 2011; Yoo et al., 2004) . Yoo et. al. (2004) also point out that PVP addition to the polymer solution may present opposite effects on membrane morphology as a function of its molar mass and interaction with solvent and polymer.
With PVP as additive, BSA rejection exhibited similar behavior to that observed with water permeability. However, BSA rejection was approximately constant when LiNO 3 was used. It is important to stress that BSA rejection was higher for membranes prepared from solutions with low PVP concentration than from solutions without additive or with LiNO 3 . Another interesting effect is an increase in BSA solution permeability with augment in PVP concentration in the polymer solution, which is probably related with higher hydrophilicity and reduction in BSA adsorption due to the presence of PVP in the membrane matrix due to a polymer entanglement effect (Borges, 1993) .
Membrane formation: Ambient exposure time before immersion into the water bath
The exposure time to the environment before immersion into the water bath plays a significant role in membrane morphology, because it can allow water vapor (air humidity) penetration into the polymeric film almost without solvent outflow, creating favorable conditions for pore formation in the top layer. The solution was instantaneously immersed into the precipitation bath or exposed to the ambient for 30 s, 60 s or until complete precipitation by moisture absorption (infinite time). All membrane syntheses were monitored by light transmittance decay as the precipitation proceeded. From linear fit of light transmittance intensity decay for 0.5 seconds after immersion in a water bath; NR -Not relevant. Figure 10 shows the cross-section morphology of membranes prepared from 11 wt% PVC solution with different exposure times before immersion in the water bath. As can be seen, the increase of exposure time to the ambient results in enlargement of the macrovoids and some loss in orientation, favoring sponge-like morphologies at infinite exposure time. Table 3 shows a slight reduction in water permeability, which may be the consequence of higher membrane compaction during permeation due to large macrovoids in its cross-section. Cross section morphology of the membranes synthesized from 11 wt% PVC/DMAc system adding (a) 3 wt%, (b) 5 wt% and (c) 7 wt% of LiNO 3 immersed in a water bath with exposure time before immersion of (1) 30s, (2) 60s and (3) infinite.
However, it also shows a higher permeability for BSA solution, keeping the value of rejection, which could be a result of large pores in the membrane top layer and BSA adsorption phenomenon. Furthermore, it was observed that the precipitation rate was almost constant with exposure time, indicating that water absorption by the PVC solution did not change the precipitation path after immersion into the bath. Thus, changes in membrane morphology and transport properties may be mainly attributed to water absorption by the PVC solution during the exposure time, creating conditions to favor nucleation of a lean polymer phase and larger pores at the membrane surface. This effect also creates an extra resistance to mass transfer between the PVC solution and the water bath, providing conditions for nuclei expansion and enlargement of macrovoids.
Figures 11 and 12 show the influence of PVP and LiNO 3 , respectively, as additive to the PVC solution on membrane cross-section morphology as a function of the exposure time before immersion into the water bath. Higher water absorption by the solution is expected as the exposure time increases, which could accelerate the precipitation at the solution top layer, creating an additional mass transfer resistance. This condition favors the coalescence of nascent macrovoids and formation of large cavities in the membrane sub layer. At 10 wt% of PVP this is not observed, probably due to higher solution viscosity and slower water penetration by diffusion into deeper regions of the solution. For solutions with high PVP content, a prolonged exposure to the environment allows slow precipitation of the solution with low water content, which changes the phase separation mechanism forming interconnected phases, which could characterize spinodal demixing.
For PVP as additive, Table 3 shows reduction in the initial precipitation rate as exposure time increases, indicating slower exchange between solvent and nonsolvent; which corroborates our previous discussion about membrane morphology. The effect of PVP at different exposure times on transport properties was similar to that observed for instantaneous immersion, evidencing the competition between membrane hydrophilicity and pore size distribution. Except for infinite time exposure, a large variation of the water permeability with higher exposure interval was not observed, which could be the result of top layer precipitation before immersion in the water bath. Thus, reduction in BSA rejection could also be related to growth of previously formed nuclei during the exposure time.
For membranes prepared from PVC solution adding LiNO 3 as additive, the increase of exposure time before immersion into the water bath favors macrovoid growth. However, when the exposure was prolonged (infinite) sponge-like pores were formed, as seen in Figure 12 . This behavior becomes more evident as the additive concentration increases in PVC solution. Table 3 shows that the initial precipitation rates for solutions with LiNO 3 as additive, in general, were lower than those observed for solutions without additive or with PVP. It is an indication of an additional top layer resistance promoted by water vapor absorption, similar to that observed for PVP, but with higher intensity. The presence of LiNO 3 in the PVC solution and instantaneous immersion in the precipitation bath leads to the highest values of water permeability, which is probably related to the proximity of the phase separation region and high initial nucleation rate at the solution/bath interface. The behavior of permeability and BSA rejection with exposure time is again related to large pores at the membrane surface due to water vapor absorption and membrane compaction during permeation due to large macrovoids in the membrane cross-section.
CONCLUSIONS
As a general conclusion, when the PVC solution is closer to the phase separation region nuclei growth is not favored and the membrane will present spongelike morphology. However, precipitation of a solution layer near the bath interface delays solvent and nonsolvent exchange, favoring macrovoid formation in the layers beneath the solution/bath interface. This condition was confirmed by measuring the initial precipitation rate by light transmittance decay. The same effect was observed in the presence of PVP or LiNO 3 as additives in the PVC solution. However, PVP favors instantaneous precipitation, while with LiNO 3 precipitation delay was observed. In both situations, water permeability increases with additives in the PVC solution, which indicates formation of a porous top layer in both mechanisms. On the other hand, whereas PVP promotes an initial increase in water permeability followed by a continuous reduction in it, the presence of higher amounts of LiNO 3 leads to a continuous increase in water permeability. Hence, it is also possible to conclude that instantaneous demixing promoted by PVP addition will suppress macrovoids with increasing PVP concentration in the PVC solution. In contrast, the precipitation delay observed with LiNO 3 still predominates at higher additive concentration, maintaining macrovoids in the membrane sub-layer and leading to higher water permeabilities. A sponge-like morphology only was observed with LiNO 3 as additive when a prolonged exposure time to ambient was allowed, which was related to slow water vapor absorption by the solution. Conversely, when PVP was used as additive this condition leads to interconnected pores, suggesting a spinodal demixing mechanism.
The BSA rejection behavior corroborates these conclusions, i.e., it was always high with PVP content and diminished when increasing LiNO 3 in the PVC solution. The transport properties obtained for membranes prepared with LiNO 3 are the consequence of larger surface pores generated by the water vapor absorption and due to macrovoids formed in its crosssection.
Membranes produced with smaller PVC content and additive showed higher permeability values, but the solute rejection behavior seems to depend of other factors, such as the presence of superficial pores, macrovoid formation and membrane hydrophilicity. The light transmittance experiments can give an idea of the precipitation rate and seem to be correlated with water permeability values. However, more results need to be obtained targeting membrane transport properties optimization.
Thus, the NIPS technique is suitable to produce PVC membranes with different morphologies by changes in either the thermodynamic properties as well as the kinetic parameters. It produced a closed membrane with very slow water permeability from solutions with high PVC content and no additive present or an open one with the highest water permeability value (~ 1,350 L.h -1 .m -2 .bar -1 ) by using 5 wt% of LiNO 3 and instantaneous immersion in the precipitation bath. 
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